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I. INTRODUCTION 

In order to find a new physics, important features on Lorentz symmetry violation with high derivative or high 
dimension operators have been recently explored in quantum gravity [I] and field theory [2-8]. As we shall see later, 
these operators develop similar characteristics of Lorentz-violating dimcnsion-4 operators initiated in the seminal 
papers [9]. However, we shall focus on low-dimensional effects from the four-dimensional theories with high derivative 
Lorentz-violating operators such as the four-dimensional quantum electrodynamics extended with Lorentz-violating 
dimcnsion-5 operators proposed by Myers and Pospclov [2] . In this work we initially consider the gauge sector of this 
modified theory in order to derive the physics in two dimensions with analogs of these Lorentz-violating operators. 
Namely, we are able to obtain scalar and fermionic 2D Myers-Pospelov dimension-3 operators. Another purpose of 
this work is to study whether the same scalar 2D Myers- Pospclov term can be also radiativcly induced into an effective 
action from the resulting fermionic 2D Mycrs-Pospclov sector obtained through the 4D fermionic sector projected into 
two dimensions. 

In two dimensions, we have that the Lorentz symmetry violation can be attributed to the scalar sector added to an 
effective theory that also can characterize a preferred direction for two-dimensional space-time. Models of this nature 
was suggested and studied in the context of the defect structures [10-12], deformation of the canonical structure and 
UV/IR duality [14] and radiative induction via one-loop polarization tensor in two dimensions that is independent of 
regularization scheme [13]. 

In the present study the scalar Lorentz-violating terms in two dimensions are obtained both via radiative corrections 
and four-dimensional projection down to two dimensions. The first case produces a scalar 2D Myers-Pospelov term 
induced through fermionic 2D Myers-Pospelov term. Also, it is naturally expected, that low dimensional Lorentz- 
symmctry violating effective actions naturally arises in the process of dimensional reduction of the four-dimensional 
theories which was earlier shown in [15-18] to give the 3D Lorentz-violating action. 

The extended QED in four-dimension is given as 

C qediD = -\f^F^ + ge^n^n ■ dfd v A p A a + $ (i£ + g'(n ■ d) 2 ^T 5 - M) 4> ~ e^, (1) 

where the is the dimcnsionlcss constant four-vector, e is the minimal coupling constant, g = rj/Mp and g' — T)'/Mp 
with ?7, j]' being dimensionless parameters. These dimcnsion-5 operators in the electromagnetic and fermionic sectors 
are Myers-Pospelov-type operators. Both operators break CPT symmetry being r\ and rj charge conjugation even, 
and Mp is the mass where new physics such as Lorentz and CPT symmetries violation emerges. 

We shall firstly discuss the emergence of a 2D theory via the gauge field sector of above Lagrangian from 4D-2D 
dimensional projection. In this point, we shall focus on low-dimensional effects from the four-dimensional theories 
with high derivative Lorentz-violating operators. We take advantage of this procedure to obtain a 2D theory with 
two scalar fields coupled to dimcnsional-3 operators. This aims at to find new topological solutions. It turns that the 
equations of motion are the same as those ones previously found in other Lorentz-violating scalar field scenarios [10]. 
This is because, the projected out high derivative 2D dimensional theory reduces to a lower derivative theory. Secondly 
we shall focus on the study whether the same emerging 2D effective action can be induced as an effective action from 
the resulting 2D fcrmion field sector obtained through the 4D fermionic sector of above Lagrangian projected into 
two dimensions. 

This paper is organized as follows. In section II, we develop the dimensional projection of a 4D theory into a 2D 
one for the gauge sector of the extended QED. In section III, we take advantage of this procedure to obtain a 2D 
theory with two scalar fields coupled to dimcnsional-3 operators. We point out the possibility of finding new defect 
structures in the projected out 2D Myers-Pospelov scalar model. In section IV, we shall address the issue of 4D-2D 
projection in the fermion field sector. In section V, we revisit the problem on induced 2D effective theory via radiative 
corrections at one loop contribution via derivative expansion method. Our starting point here is the 2D fermion sector 
projected out from the 4D theory. Finally, in section VI we present our conclusions. 

II. 4D-2D PROJECTION: GAUGE FIELD SECTOR 

In this section, we now focus on dimensional projection out of the four-dimensional gauge field components of a 4D 
theory into a 2D theory. Firstly, the Maxwell term assumes the form 

-\F^F^ = -I (FijFV + 2F 0a F 0a + 2F 3a F 3a + F ab F ab ) 

= -1 (FijF ij + 2d A a d°A a + 2d 3 A a d 3 A a ) , (2) 
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where i,j = 0,3, a,b — 1,2, and the projection implies to say that d± = 82 = when acting on any field (therefore 
Fab = 0). We will work with the metric signature (+, — , — , — ), so that A a = —A a . Now renaming A± = <j> and A 2 = x 
we end up with 

- j V" = -\FijF ij + \di04> + \diX&X ■ (3) 

This is a Maxwell theory plus two massless scalar field theory in 2D. 

Now let us discuss the Myers - Pospelov term. Under the same conditions described above we obtain: 

ge^n^n ■ dfd v A p A a = g{m& + n a d a f (e l > p ° ni d 3 A p A a + e^n^ApA.) 

= g(m# + n a d a ) 2 (s ij n iX d j <t> + e mp0 r n a diA p A a ) , (4) 

where £ y = e 1 -? 12 . Note that the first term is the one of major interest to us. The second term will necessarily mix 
the 2D Maxwell's and scalar fields, but here for the sake of simplicity we shall not consider it. For that reason let us 
consider from now on the n a = case. 

The projection of the 4D gauge field sector down to a 2D theory is finally given by 

C 2D = \i, ji" + \d^d l <p + \d iX d\ + <J ■ j »,ui l iV)\<) i ,, . (5) 

This resulting theory are made out of two-dimensional fields living in two dimensions. The new term we shall refer 
as to 2D Myers-Pospclov scalar model. 



III. DEFECT STRUCTURES IN PROJECTED OUT 2D MYERS-POSPELOV SCALAR MODEL 

By following the previous projected Lagrangian in two dimensions, in this section we propose a new theory with 
two real scalar fields with a higher derivative dynamics written in the form 

C 2 d = \d^m + \d^X + ge ap n a (n ■ d) 2 X d^ - Vfax), (6) 

where fi = 0, 1 and n p = (no, ni). This effective theory can generate new effects on (non-)topological defects generated 
by two real scalar fields with a proper choice of the scalar potential V((f>, x)- 

Let us obtain the equations of motion. The equation of motion for the scalar fields <f> and X are, respectively, given 
by 

BV 

D^ + ge^n a (n-d) 2 d f3X + — = 0, 

BV 

Ux-ge^n a {n-8) 2 dp(p+—^Q. (7) 

ox 

We shall look now for static solutions. Now assuming = <j)(x) and X = x( x ) we obtain 

-d>" + gnlx'" + ^ = o, 

-x"-9nir + ^ = 0. (8) 
8x 

The equations do not depend on time- like component no- Thus, if a priori one considers only time-like components 
there is no Lorentz violation effects on the solutions in the static regime. We also note that for a constant (or in the 
absence of) potential V, the above equations, up to constants that can be eliminated via boundary conditions, are 
simply reduced to 

- gn 3 lX ' = 0, 

X + gn\4>' = 0. (9) 

This equations are equivalent to those found in Ref. [10] in the same regime. This shows that the Myers-Pospelov 
operator in the static regime with no potential contribution in two dimensions becomes a reducible operator. They 
can be found from the use of the following two-dimensional Lagrangian [13] 

C = \d^4> + \b^ X + Kae^xdfKp, (10) 
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as long as the time-like component no is turned on. 

Now returning to equations (9) we find that they are satisfied by oscillatory solutions 

(p = coskx 1 Y = sinfor, fc= — ^. (11) 

gnf 

In the following we shall consider non-trivial potentials V. If we assume V satisfies the following relations 

^dx--— f—dx-— (12) 

d<j> dx 1 J dx d<j>' 



(13) 



or 

dV _ dU dV _ dU 
d(j) dx' dx dcj)' 

Thus, we can reduce the equations of motion to the following 

- 4 > + gnfx : - a- = ci, 
dx 

-x'-gn^" + ^=c 2 , (14) 

where ci, ci are integration constants that we shall set to zero here. Let us recast these equations in the familiar form 
[10] 

- 0" - k X ' + ^ = 0, 

-X" + W + = 0, (15) 
dx 

where U = kU. Now every solution found in [10] can be related to solutions of our system. 



IV. 4D-2D PROJECTION: FERMION FIELD SECTOR 



Let us now investigate the dimensional projection in the fermion sector of the quantum electrodynamics extended 
with dimension-5 operators (1) whose fermionic Lagrangian is given by 

C fermiiD = 4> {0 + 9'(n ■ d) 2 4T 5 - M) i> - e^4V • (16) 
We consider the following representation of the gamma matrices in 4D: 

r *=(~ol)i r"=(ij, a" = (l,^); *» = (1,-1?). (17) 

Now defining 

*"(£)■ ,18) 

and recalling that -tp = ip^T . we can write the Lagrangian (16) as 

_ / t , t \( - e^A, + g'(n ■ df^n, —M \ ( ^ \ 

^ferrm iD ~ \ V L V R) ^ _ M frfiQ^ _ e(T ^ _ g > („ . 0)2^^ J ^ ^ ^ ■ l iy i 

As is well known, the sectors ipL and ^ decouple only if M = 0. Setting M = and looking at, say, the sector tpn, 
we have 

£/ e ,™ 4£ > - 4 - ea^A^ + g'(n ■ 0)Vn M ) ^ . (20) 
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Now we proceed with the dimensional projection to the plane xq — X3 with this Lagrangian as the starting point. The 
gamma matrices in 2D can be defined as: 

Notice that 7 1 is just the matrix associated with the spatial direction in two dimensions, as we chose this direction 
as X3, it is convenient to rename the matrix as 7 3 . This is just a change of labels. It is done so that the sums over 
i = 0,3 make sense. The reason for this choice of gamma representation can be seen when we impose the conditions 
d\ = d-2 = 0, we obtain 

= a°d + <J 3 d 3 = 7 °7°9o + 7°7 3 d 3 , 
n-d = n°d Q + n 3 d 3 (22) 

which has the necessary structure to build the kinetic Dirac term in 2D. 

Following the same route as for the gauge field sector, we define A\ = <f> e A2 = x ancl n a — 0. We conclude that 
the Lagrangian (20) when projected is given by: 

£ferm 2D = $R [i'fdi - ej l Ai - e</> - ie-y 5 x + g'{n l d i ) 2 fn l ) tp R . (23) 

However, in order to study radiative corrections in the next section, wc shall consider the massive version of the 
massless 2D fermionic sector, given by 

C 2D = i>(i$ ~m + g'(n ■ dfrf)^ - etp(<f) + ij 5 x)ip- (24) 

In two dimensions, e has dimension of mass and we define e 2 = e 2 /(AttR 2 ) being R related to the mass as m ~ 1/R 
and e is the extended QED4 coupling. The mass m can be set to zero after making radiative corrections since the 
induced term has no explicit dependence with such a mass. See below. 



V. INDUCED SCALAR EFFECTIVE THEORY IN 2D 



Let us explicitly study the question of inducing the scalar 2D Myers - Pospclov term into an effective action 
induced via radiative correction. This issue we will study in the following by using the derivative expansion of fermion 
determinants. 

In this sense, we consider the fermion sector associated to the Lagrangian (24) and integrate out the fermion fields 
into the functional integral to obtain the effective action for the scalar fields given by the following functional trace 



S e ff[n, <P, x] = ~i Tr m [$-m- g'(n ■ vfi - e(<A + «7sx)] ■ 



(25) 



Applying the method of derivative expansion, the functional trace in (25) can be properly manipulated in view of 
writing the effective action in the following form: 



Seff [n, <f>, x] = Seff M + S^ff [n, 4>, x] , 



(26) 



where the first term is S e ff[n] = — i Trln \jj> — m — g'{n ■ p) 2 i^, which does not depend on the scalar fields. The 
nontrivial dynamics is only governed by the second term S e 'y^[n, (/>, x], which is given by the following power series 



Slff[n,<t>,x] = iTl 'J2l 



1=1 



f — m — g'(n ■ p) 2 ifi 



[4> + ilhx) 



(27) 



To induce the scalar 2D Myers - Pospclov term of the effective action in (6) we should expand the equation (27) up 
to second order in the scalar fields in the presence of the parameter that controls the Lorentz symmetry violation. 
Thus, we can now write the effective action in the form 



Seff[n,<f>,x] = Y Tr [G'F(p)^(a;)Gf (p)7 5 x(a;) + G F {p)-f 5 x{x)G F (p)(f)(x)] . 
where Gp(p) is the n M -dependent propagator of the theory defined as: 



(28) 



Gf(p) 



j) — m — g'(n ■ p) 2 n/i 



(29) 
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Now, we expand the exact fermion propagator Gf{p) and take the leading order in g' as in the form 

G F (p) = S F (p) + S F {p)( - ig[n ■ p) 2 if)S F {p) + ■■■ with S F (p) = (30) 

p — m 

Using the cyclic properties of the trace and the above result into the equation (28) we have 

Seff[n,(f>,x} = -ig'e 2 Tr[S F (p){n ■ p) 2 rfS F (p)j 5 x(x)S F {p)(t)(x) + S F (p){n ■ p) 2 ^S F (p)(j)(x)S F {p)^ 5 x(x)]. (31) 

Now applying the main property of the derivative expansion method [19] — see also [20-22], we observe that any 
function of momentum can be converted into a coordinate dependent quantity as follows 

<t>(x)f(p) = (f(p-id)<f>(x)). (32) 

The parenthesis on the right hand side merely emphasizes that the derivatives act only on cj>(x). In this case, the 
two-point contribution to the effective action becomes 

Seff[n,<p,x] = -ig'e 2 Tr[(?i ■ p) 2 [S F (p)^S F {p)^ 5 (S F {p - id)x{x)) <p{x) + S F (p)rfS F (p)(S F (p - id)(j>{x))j 5 x{x)]](33) 

where 

S F { P - id)x(x) = - — ^ X(x) = S F (p)x(x) + S F (p)$S F {p)x{x) + 

p — lip — m 

S f (pWS f (pWS f (p) X (x) + S f (pWS f (pWS f (p)$S f ( P )x(x) + ■■-. (34) 

Now, we can write the equation (33) up to third order in the derivatives and in the lowest-order of the coupling 
constant g, in the form 



S eff [n,4>,x] = -i9~e Jd~j {27:)Hp 2_ m 2 ) 

{tY[$S F (pWS F (p)$S F (p)S F (p)4 l5 ]x(x))Hx) + {tr[4S F (p)S F (p)$S F {p)$S F {p)$ lz ]4>{x))x{x)\ (35) 

where the symbol tr denotes the trace of the product of the gamma matrices. As one knows from the gamma matrices 
algebra and relation for trace tr (7^7^75) = 2e^, we can write the expression (35) as 

/*2 /"ja— fa a a „f~\\*r~s f ^P ( n ' P^ 



5 e// [n,0, X ]--2z. 9 'e 2 y d 2 xn a (dpd»d u x{x))^x) J ^ ^ [{p 2 - m 2 frf v e^ + 

2{p 2 - to 2 ) [^ v pPp x e aX - 2p^p v e a0 + m 2 if v e afi } - 8m W e Q/3 l . (36) 

Also, by symmetry reasons we can omit all terms which are odd in the internal momentum p. Notice that by 
momentum power counting the above integrals in (35) involve only convergent contributions. Hence, there is no 
need to adopt any regularization scheme in order to calculate these integrals. They can be readily performed by using 
the following formulas: 

d 2 p p^p" (-1)"-^ rf v r(n-2) 



(2tt) 2 (p 2 - to 2 )" 4tt 2T(n) (to 2 )"" 2 ' 

d 2 p p^p l, pPp a (-!)"« G^P" T(n - 3) 



(37) 



(2tt) 2 (p 2 - to 2 )" 4tt 4T(n) (to 2 )"" 3 

where G AI!yp<T = ri^ v if aj rri^ Pr i] ua + r i]P' J rfP. In what follows, we despise the terms proportional to n 2 d 2 factor. Therefore, 
by using the equations (37) into expression (36), we obtain 

S e ff[n,<f>,x] = A / d 2 xe ap n a (n-d) 2 x{x)dp<f>{x) (38) 



where A = ff~2 ~ e 2 g' as long as m ~ 1/R as we anticipated. Thus, now taking the mass to — > we recover the 
original massless 2D fermionic sector given in (23). Thus, we have indeed derived a nonzero extended scalar Myers 
- Pospelov term at one loop effective action in two dimensions through derivative expansion up to leading order in 
(/-parameter. 

Thus, the full effective Lagrangian allows to propose a new theory in two dimensions whose scalar and fermionic 
sectors are given by 

£20 = \d^d^ + \d^X + A e^n a {n ■ 0) 2 X d^ + $(0 - m + g'(n ■ d) 2 ^ - e^(0 + i lzX )i>- (39) 

Notice that the fermionic sector of the theory (39) has the potential to radiatively induce a finite scalar 2D Myers - 
Pospelov term of the action in Eq. (5) — or Eq. (6) — initially constructed through a 4D-2D projection. 
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VI. CONCLUSION 



In this paper, we investigate the 4D-2D projection of the Myers - Pospelov QED. One of the most interesting results 
we found is the reduction of dimcnsion-5 operators to dimension-3 operators. One of the main issues addressed by 
considering higher dimensional operators concerns to achieve UV-completion in quantum gravity [1], for instance, 
where both two-dimensional versions of the theory and higher dimensional operators are largely considered. In our 
present analysis we join together these two possibilities in the same set up by applying dimensional projection. Another 
issue we considered was the possibility of these Lorentz- violating operators to develop new defect structures in the 
2D scalar sector that can be both projected out from the 4D theory and radiatively induced in two dimensions. 
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